Introduction
Ovarian cancer is the deadliest gynecological malignancy (Kobayashi et al., 2012) . It is the seventh most frequent cancer and the seventh most common cause of cancer death among women worldwide. In Egypt, ovarian cancer represents the fifth most frequent cancer and the fifth most common cause of death from cancer in women (Ferlay et al., 2013) . The poor prognosis of ovarian cancer is attributed to the fact that the cancer is insidious; generally asymptomatic in the early stages and initial symptoms occur only during the late stage of the disease, so that approximately 75% of ovarian cancer cases present at a late stage (Berek et al., 2012) .
So far, cancer antigen 125 (CA125) is the most widely used serum biomarker for detecting and monitoring ovarian cancer in the clinical setting (Bast et al., 2005; Duffy et al., 2005; Sturgeon et al., 2008; Medeiros et al., 2009) . Nevertheless, elevated serum CA125 levels are 3 only seen in 50% of patients presented with early stage ovarian cancer and 80%-90% of patients with late stage disease, thus limiting its sensitivity (Molina et al., 1992; Rosen et al., 2005) . Furthermore, the utility of CA125 as a biomarker for detecting ovarian cancer is hindered by the documented lack of specificity, since elevated serum CA125 concentrations can be found not only in a broad range of benign gynecologic diseases, but also in malignancies of different origin, including non-ovarian gynecologic cancers, other epithelial tumors and nonepithelial malignancies (Buamah, 2000; Miralles et al., 2003; Somigliana et al., 2004; Molina et al., 2008; Park et al., 2011) .
The poor sensitivity and specificity of CA125 have stimulated the search for a more reliable biomarker sought to improve the diagnostic accuracy of identifying malignancy in women with a pelvic mass (Havrilesky et al., 2008) . Among a wide spectrum of serum biomarkers proposed to aid in the diagnosis of women presenting with a suspicious pelvic mass, human epididymis protein 4 (HE4), has been introduced as a novel biomarker for ovarian cancer diagnosis (Hellström et al., 2003; Su et al., 2013) . HE4 was found to offer a better diagnostic performance than CA125 for distinguishing between benign and malignant pelvic masses (Holcomb et al., 2011; Zheng and Gao, 2012; Chung et al., 2013) . Regardless of its beneficial characteristics, similar to classic tumor markers (Trapé et al., 2011) , HE4 has some limitations in the detection of tumors, where its level may be elevated in benign diseases without evidence of malignancy (Hertlein et al., 2012) .
Prior studies on the role of CA125 and HE4 in the differential diagnosis of ovarian masses reported controversial and inconsistent conclusions. Although several meta-analyses have reported that HE4 had a better performance than CA125 for the diagnosis of ovarian cancer (Yu et al., 2012; Ferraro et al., 2013; Yang et al., 2013; Zhen et al., 2104) , in other studies (Montagnana et al., 2009; Partheen et al., 2011; Van Gorp et al., 2011) , it has been indicated that HE4 is not superior to CA125 in differentiating benign ovarian masses from malignant ovarian tumors.
Several reports have proposed that combining the measurements of serum CA125 and HE4 levels yielded a higher accuracy compared to either biomarker alone for the differential diagnosis of pelvic masses (Moore et al., 2008; Huhtinen et al., 2009; Moore et al., 2009; Escudero et al., 2011; Lenhard et al., 2011; Freydanck et al., 2012) . However, it has been shown that no benefit from combining CA125 and HE4 in the clinical practice (Jacob et al., 2011 ).
An algorithm for risk scoring called the risk of ovarian malignancy algorithm (ROMA) based on menopausal status and preoperative measurement of serum CA125 and HE4 levels has been proposed for stratifying women with pelvic mass scheduled to undergo surgery into lowand high-risk groups (Moore et al., 2009) . Although several studies have reported that ROMA yielded a better diagnostic accuracy than either marker alone (Moore et al., 2008; Moore et al., 2009; Bandiera et al., 2011; Molina et al., 2011; Moore et al., 2011; Li et al., 2012; Ortiz-Muñoz et al., 2014; Fujiwara et al., 2015) , other studies failed to demonstrate its superiority over CA125 or HE4 alone for assessing the risk of ovarian cancer (Montagnana et al., 2011; Van Gorp et al., 2011; Wang et al., 2014) .
Data from previous studies on the accuracy of serum CA125 and HE4 as well as ROMA in ovarian cancer diagnosis are contradictory and it has not been conclusively determined which of these markers yields the best performance. With all of this in mind, there is a pressing need to identify new tools with higher diagnostic accuracy for ovarian cancer diagnosis. In view of the clinical importance of diagnosing ovarian cancer with a better performance and in an attempt to identify a more accurate diagnostic tool, the current study was conducted to evaluate the diagnostic accuracy of tissue CA125 and HE4 gene expression levels in comparison to serum CA125 and HE4 levels as well as ROMA in a cohort of Egyptian women with a pelvic mass.
Materials and Methods

Study population and design
Eighty patients who were diagnosed with a pelvic mass suspected for ovarian cancer and were scheduled for surgical intervention at the Surgery Department, National Cancer Institute, Cairo University, Cairo, Egypt from October 2012 to August 2013 were prospectively enrolled in this case-control study. In addition, 20 agematched healthy women who admitted to the Surgery Department, National Cancer Institute, Cairo University, Cairo, Egypt for physical examination and had no medical history of malignant diseases were recruited as controls. To be eligible for enrollment, patients were required to be 18 years of age or older and have a diagnosis of a pelvic mass. All patients underwent radiologic imaging prior to surgery to document the presence of a pelvic mass.
All patients underwent surgical removal of the ovarian mass. Tissue specimens were obtained from all patients and reviewed by three experienced gynecological pathologists to verify the diagnoses made by the site pathologists as either benign or malignant. Twenty normal ovarian specimens were obtained from apparently normal tissue excised from the safety margins of the patients. Histological type and differentiation grade of ovarian cancer tissues were determined according to World Health Organization (WHO) criteria. Ovarian cancer surgical staging was performed according to the International Federation of Gynecology and Obstetrics (FIGO) guidelines. Early stage was defined as FIGO stages I & II, while late stage was defined as FIGO stages III & IV. Patients' demographic and clinical data were retrieved from the patients' medical records. Women were considered to be postmenopausal if they had not experienced a menstrual period for at least one year prior to enrollment, or if they were >55 years old and the date of the last menstrual period was unknown. Women were considered to be premenopausal if they had a period within 1 year of the study entry or if they were <48 years old and the date of their last menstrual period was unknown. Exclusion criteria include: 1) Pregnancy, 2) Chronic liver disease, 3) Chronic renal failure. All enrolled patients and healthy women provided written informed consent prior to inclusion into the study in accordance with the Declaration of Helsinki. The study protocol was approved by the scientific ethical committee of National Cancer Institute, Cairo University, Cairo, Egypt.
Measurement of serum CA125 and HE4 levels
Blood samples were collected from patients and healthy women into plastic BD vacutainer rapid serum tubes (Becton, Dickinson and Company, Franklin Lakes, NJ, USA) by venipuncture. The blood samples were obtained from the patients on the day preceding the planned surgery. Sera were immediately obtained, aliquoted in sterile polypropylene tubes and stored at −80°C until analysis was carried out. Preoperative serum levels of CA125 and HE4 were measured using the Architect CA125II chemiluminescent microparticle immunoassay (Abbott Diagnostics, Abbott Park, IL, USA) and the HE4 enzyme immunoassay (EIA; Fujirebio DOI:http://dx.doi.org/10.7314/APJCP.2016.17.1.323 Tissue CA125 and HE4 Gene Expression Offers Superior Accuracy in Discriminating Benign from Malignant Pelvic Masses Diagnostics, Malvern, PA, USA), respectively, according to the manufacturer's instructions.
Calculation of the ROMA score
The ROMA score combines CA125 and HE4 values along with the menopausal status into a predictive index (PI), which in turn is used to calculate the predicted probability (PP) of ovarian cancer (from 0 to 100%). ROMA score was calculated according to the previously described formulae (Moore et al., 2009; Moore et al., 2010) 
Quantification of tissue CA125 and HE4 mRNA levels
The gene expression levels of mucin 16 (MUC16) and whey acidic protein (WAP) four-disulfide core domain 2 (WFDC2), which encode the CA125 and HE4 proteins, respectively, were quantified in normal, benign and malignant tissues by quantitative real time polymerase chain reaction (qRT-PCR). Briefly, the tissue specimens were collected during surgery, snap-frozen and stored in liquid nitrogen until analysis was performed. Total RNA was purified using RNeasy Mini Kit (Qiagen, Valencia, CA, USA) according to the manufacturer's instructions. Single-stranded RNA was reverse transcribed into single-stranded complementary DNA (cDNA) using High-Capacity cDNA Reverse Transcription kit (Applied Biosystems, Foster City, CA, USA) following the manufacturer's instructions. Quantitative assessment of gene expression levels was performed by TaqMan gene expression assay (Applied Biosystems, Foster City, CA, USA) as recommended by the manufacturer. The StepOne Real-Time PCR System (Applied Biosystems, Foster City, CA, USA) was used for real-time analysis. Relative expression of MUC16 and WFDC2 genes was analyzed by the comparative Ct method (2 −ΔΔCt ) (Livak and Schmittgen, 2001 ), using glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as the endogenous control. Data were expressed as the fold change in MUC16 and WFDC2 gene expression in the patients normalized to the expression levels of the endogenous control and relative to the healthy controls.
Statistical analysis
Categorical variables were presented as the number of cases (percentage) and compared using the Pearson's chi-square (χ2) test. The continuous variables were reported as median (interquartile range, IQR: 25th quartile to 75th quartile) and the non-parametric Mann-Whitney U test and Kruskal-Wallis test were used to compare median levels of CA125 and HE4 between two and more than two groups, respectively. A 2-sided probability (P) value was used for all statistical analyses, and a P value of <0.05 was considered statistically significant. The correlation between each biomarker, measured either by immunoassays or by qRT-PCR, was analyzed using Spearman's rank correlation coefficient. To evaluate the diagnostic accuracy of CA125 and HE4, measured either as mRNA or protein levels, a receiver operating characteristic (ROC) curve was constructed and the areas under the curve (AUC) were calculated with 95% confidence intervals and compared using the nonparametric method developed by DeLong et al. (1988) . Data statistical analyses were performed using the statistical package for the social sciences (SPSS Statistics for Windows, Version 20.0; IBM Corp., Armonk, NY, USA).
Results
Demographic and clinical characteristics of the study cohort
The study cohort comprised of 100 women, with a mean age of 46.9±13.0 years (range 23-76 years), including 63 premenopausal women and 37 postmenopausal women. The participants were divided into 3 groups: 1) twenty healthy women with a mean age of 41.5±12.0 years (range 23-62 years), including 15 premenopausal women and 5 postmenopausal women; 2) twenty benign ovarian tumor women with a mean age of 45.8±11.0 years (range 25-65 years), including 14 premenopausal women and 6 postmenopausal women; 3) sixty epithelial ovarian cancer (EOC) women. Of the 20 benign ovarian tumor patients, 8 patients had adenofibroma (5 premenopausal women and 3 postmenopausal women), 8 patients had serous cystadenoma (6 premenopausal women and 2 postmenopausal women) and 4 patients had mucinous cystadenoma (3 premenopausal women and 1 postmenopausal women). The demographic and clinical features of EOC patients are summarized in Table 1 .
Serum CA125 and HE4 concentrations and ROMA score
The median concentration of CA125 in benign ovarian tumor patients and those with EOC was significantly higher than that in healthy controls (P<0.05). Although the median CA125 serum concentration in EOC patients was higher than that in benign ovarian tumor patients, this difference did not reach statistical significance (P=0.222). The median serum HE4 level in EOC patients was significantly higher than that in benign ovarian tumor patients and in healthy controls (P<0.001), whereas the concentrations of HE4 in benign ovarian tumor patients were equivalent to those in healthy controls (P=0.369). The median ROMA scores differed significantly among healthy controls, benign ovarian tumor patients and EOC patients (P<0.05) ( Table 2) . Table 3 shows the CA125 and HE4 serum levels as well as ROMA scores in EOC patients, subdivided according to histological type, differentiation grade and FIGO stage. Among EOC patients, the median CA125 concentration and ROMA score did not differ significantly among patients with endometrial, serous and mucinous adenocarcinoma (P>0.05). On the other hand, the median HE4 concentration was significantly higher in patients with serous adenocarcinoma than that in patients with endometrial adenocarcinoma (P=0.029), whereas the median HE4 concentration did not differ significantly neither between patients with serous and mucinous adenocarcinoma nor between patients with endometrial and mucinous adenocarcinoma (P>0.05). There were no statistically significant differences in the median CA125 and HE4 levels as well as ROMA scores among EOC patients with the different differentiation grades (P>0.05). Serum CA125 and HE4 levels as well as ROMA scores were found to be related to FIGO stage with higher values in late stages than in early stages, but this difference did not reach statistical significance (P>0.05).
Tissue expression of CA125 and HE4 encoding genes
The fold change in the expression levels of MUC16 Table 4 . The median fold change of MUC16 and WFDC2 expression levels was significantly higher in EOC patients than that in benign ovarian tumor patients, for the whole group of patients (P<0.001) as well as for the pre-and postmenopausal patients separately (P<0.001).
Correlation between CA125, HE4 and ROMA
Correlation between CA125 and HE4, measured either as mRNA or protein levels, as well as ROMA score in benign ovarian tumor patients and those with EOC are presented in Table 5 .
Diagnostic accuracy of CA125, HE4 and ROMA
The diagnostic performance of serum and tissue CA125 and HE4, either alone or in combination, as well as of ROMA was assessed by ROC curve analysis in the benign versus malignant cohorts (Table 6,  Figure1) . Serum CA125+serum HE4 combination and serum HE4 as well as ROMA with AUC values of 0.935, 0.932 and 0.889, respectively, performed significantly better than serum CA125 alone (AUC=0.592; P<0.001). Additionally, serum HE4 and serum CA125+serum HE4 combination yielded similar diagnostic accuracy. Furthermore, serum CA125+serum HE4 combination and serum HE4 did not show better diagnostic performance than ROMA. On the other hand, tissue CA125 and HE4, either alone or in combination, displayed the same discriminatory performance with the highest AUC. Accordingly, tissue CA125 and HE4, either alone or in combination, performed significantly better than serum CA125 alone (0.592 vs 1; P<0.001), serum HE4 alone (0.932 vs 1; P=0.016), serum CA125+serum HE4 combination (0.935 vs 1; P=0.018) and ROMA (0.889 vs 1; P=0.002).
Discussion
Ovarian cancer has a major impact on health care, being the second most common malignancy in women and the leading cause of death from gynecological malignancies. The clinical symptoms of ovarian cancer are vague and similar to those observed in other benign conditions; hence, the majority of patients are often diagnosed at a late stage which almost always translates into a poor prognosis (Seibaek et al., 2011) . To date, there are a growing number of patients who present with a pelvic mass; therefore, it is necessary to identify the potential malignant ovarian disease DOI:http://dx.doi.org/10.7314/APJCP.2016.17.1.323 Tissue CA125 and HE4 Gene Expression Offers Superior Accuracy in Discriminating Benign from Malignant Pelvic Masses risk as early as possible to improve clinical outcome and survival of patients (Kobayashi et al., 2012) . Although several studies have been designed for examining possible associations between serum CA125 or HE4 measurements and ovarian cancer diagnosis, data from previous studies on the use of CA125 and HE4 in the differential diagnosis of ovarian cancer are inconsistent. There may be several explanations for the heterogeneity observed among previous studies, and in our opinion, the most intriguing are the differences in the study design, study population, demographic characteristics of patients, ovarian cancer prevalence, sample size, control group (healthy women or women with benign diseases), methods of measuring serum CA125 or HE4 levels (ELISA or chemiluminescent microparticle immunoassay) and cutoff values of CA125/HE4 assays (manufacturer or clinical practice). Furthermore, several studies did not take into account the effect of the uneven distribution of patients in pre-and post-menopausal status, histological subtypes and FIGO stages when interpreting the results of CA125 and HE4 measurements (Moore et al., 2009; Moore et al., 2010; Kim et al., 2011; Montagnana et al., 2011; Ruggeri et al., 2011; Van Gorp et al., 2011) . Overall, each of these points theoretically represent a source of heterogeneity among studies likely influencing the markers' diagnostic performances.
The improvement of specificity without compromising sensitivity is essential for determining the risk of malignancy in patients presenting with pelvic mass. Although an inexpensive, sensitive and specific serum test would be the most attractive approach for diagnosing ovarian cancer, fundamental limitations of this approach have been recognized. In light of these observations, new tools for the diagnosis of ovarian cancer are urgently needed.
We investigated the clinical utility of tissue CA125 and HE4 gene expression in comparison to serum CA125 and HE4 in assessing the likelihood of malignancy in a cohort of Egyptian women with a pelvic mass.
In the current study, serum CA125 and HE4 levels as well as the ROMA scores differed among healthy controls, benign ovarian tumor women and EOC women. Our results are somewhat consistent with those of previous studies (Hellström et al., 2003; Moore et al., 2008; Huhtinen et al., 2009; Montagnana et al., 2009; Moore et al., 2009; Moore et al., 2010; Nolen et al., 2010; Bandiera et al., 2011; Molina et al., 2011; Park et al., 2011; Van Gorp et al., 2011; Karlsen et al., 2012; Park et al., 2012) , which reported that serum CA125 and HE4 levels were significantly higher in ovarian cancer women than those in benign ovarian tumor women and in healthy women. In accordance with previous observations , our results showed that serum CA125 and HE4 levels were found to be related to FIGO stage with higher concentrations in late stages (stage III/IV) than in early stages (stage I/II).
Our results showed that the fold change of MUC16 expression was significantly higher in EOC patients than that in benign ovarian tumor patients. Previous reports indicated that significant levels of CA125 were found in deposits of endometriosis and in some benign ovarian tumors (Meden and Fattahi-Meibodi, 1998; Fuith et al., 1987; Niloff et al., 1984) .
Results of the current study revealed that the fold change of WFDC2 expression was significantly higher in EOC patients than that in benign ovarian tumor patients. Gene expression profiles indicated that WFDC2 is one of the most frequently upregulated genes in epithelial ovarian carcinomas with the highest expression being reported in serous ovarian carcinomas (Galgano et al., 2006) . The mechanism of HE4 overexpression in ovarian cancer is not clear. However, it has been demonstrated that the chromosomal region where HE4 is located is frequently amplified in ovarian cancer and breast cancer (Berry et al., 2004) .
Our data clearly demonstrated that serum HE4 displayed better diagnostic performance when compared with serum CA125 in differentiating EOC patients from those with benign ovarian tumors. These results support the hypothesis that HE4 could replace CA125 measurement as a standalone biomarker for ovarian cancer diagnosis.
Prior studies have reported conflicting results about the accuracy of serum CA125 and HE4 in the differential diagnosis of ovarian cancer. Several studies have demonstrated that HE4 had a better diagnostic performance than CA125 for discriminating ovarian cancer from benign gynecologic diseases (Moore et al., 2008; Huhtinen et al., 2009; Holcomb et al., 2011; OrtizMuñoz et al., 2014) . A previous meta-analysis by Yu et al., (Yu et al., 2012) has reported that HE4 was found to be better than CA125 as an indicator for the diagnosis of ovarian cancer. In a subsequent systematic review, Ferraro et al., revised the available literature on the comparison between the diagnostic accuracy of HE4 and CA125. They suggested that HE4 measurement seems to be superior to CA125 in terms of diagnostic performance for the identification of ovarian cancer in women with suspected gynecological diseases (Ferraro et al., 2013) . Furthermore, Yang et al., gathered all the evidence reported in literature on the clinical value of serum HE4 in the diagnosis of ovarian cancer. They demonstrated that the sensitivity and specificity of HE4 was higher than that of CA125 (Yang et al., 2013) . Recently, Zhen et al., conducted a meta-analysis of the available evidence on the diagnostic accuracy of HE4 and CA125. They reported that HE4 appears to be superior to CA125 regarding diagnostic accuracy in distinguishing ovarian cancer from other benign gynecological diseases (Zhen et al., 2014) . Conversely, in other studies Van Gorp et al., 2011; Li et al., 2012) , it has been indicated that HE4 did not perform significantly better than CA125 in the diagnosis of ovarian cancer. Also, Li et al., (Li et al., 2012) performed a meta-analysis and demonstrated that HE4 is not superior to CA125 in predicting ovarian cancer.
Data of the present study showed that the combination of serum HE4 with serum CA125 displayed better diagnostic performance than serum CA125 alone, while revealed similar performance to that of serum HE4 in distinguishing ovarian cancer from benign ovarian tumors. These findings make it reasonable that the combination improved CA125 but not HE4 performance. DOI:http://dx.doi.org/10.7314/APJCP.2016.17.1.323 Tissue CA125 and HE4 Gene Expression Offers Superior Accuracy in Discriminating Benign from Malignant Pelvic Masses Several studies (Moore et al., 2008; Huhtinen et al., 2009; Moore et al., 2009; Escudero et al., 2011; Lenhard et al., 2011; Freydanck et al., 2012; Zhen et al., 2014) reported that the combination of serum HE4 with serum CA125 further enhanced the diagnostic accuracy when compared with either maker alone, suggesting that when used in combination, the two markers HE4 and CA125 complement each other, as each improves the discriminatory performance of the other. On the contrary, Jacob et al., suggested that no benefit from combining HE4 and CA125 in the clinical setting (Jacob et al., 2011) .
In our study, although ROMA yielded a significantly better diagnostic performance than that of serum CA125 alone, ROMA did not perform significantly better than serum HE4 and serum HE4 plus serum CA125 combination for the differentiation between EOC patients and those with benign ovarian tumors.
Previous studies on the diagnostic performance of ROMA compared to either CA125 or HE4 in the differential diagnosis of ovarian cancer have provided conflicting results. Several reports have demonstrated that ROMA had a better diagnostic performance than either marker alone (Moore et al., 2008; Moore et al., 2009; Bandiera et al., 2011; Molina et al., 2011; Moore et al., 2011; Ortiz-Muñoz et al., 2014; Fujiwara et al., 2015) . These findings appear to be in line with those of Li et al., (Li et al., 2012) who conducted a meta-analysis to clarify conflicting results existing in the diagnostic performance comparison among ROMA, HE4 and CA125. They suggested that ROMA was less specific but more sensitive than HE4, while both ROMA and HE4 were more specific than CA125 for EOC prediction. On contrary, a previous report (Montagnana et al., 2011) has demonstrated that ROMA did not show better diagnostic performance than HE4 alone in the diagnosis of ovarian cancer. Additionally, in another study (Van Gorp et al., 2011) , it has been reported that combining HE4 and CA125 in the ROMA improved HE4 but not CA125 performance, indicating that ROMA and HE4 did not perform significantly better than CA125 alone. Recently, Wang et al., performed a meta-analysis to evaluate the diagnostic value of CA125, HE4 and ROMA for diagnosing ovarian cancer. They reported that the three markers had similar discriminatory performance in ovarian cancer diagnosis (Wang et al., 2014) .
Here, we reported that tissue CA125 and HE4, either alone or in combination, perform significantly better than serum CA125 alone, serum HE4 alone and serum CA125+serum HE4 combination as well as ROMA in distinguishing EOC patients from benign ovarian tumor patients.
Although our results are promising, further prospective studies on a larger sample population are certainly necessary to reinforce this preliminary evidence and to assess the usefulness of measuring the expression levels of tissue CA125 and HE4 encoding genes more accurately before we can finally conclude that these measurements are of real clinical significance.
In conclusion, findings of the present study not only confirm the diagnostic value of serum CA125 and HE4 levels as well as ROMA already suggested by other reports, but also add a clinically relevant information, as for the first time we showed that tissue CA125 and HE4 gene expression demonstrates the highest discriminatory power in the differential diagnosis of pelvic masses, suggesting that measuring the expression levels of tissue CA125 and HE4 encoding genes, either alone or in combination, might provide a more accurate tool for distinguishing between EOC patients and those with benign ovarian tumors. Our observations support the notion that a diagnostic approach that accurately detect ovarian cancer would help planning patients' treatment in a more individualized fashion, improving overall patient care and eventually triaging patients to centers of excellence.
